MACHINE-ASSISTED TRANSLATION (MAT): 



(19)[3S?tIS] 

H*S«fff/r OP) 



(19)[ISSUING COUNTRY] 

Japan Patent Office (JP) 



(1 2)[GAZETTE CATEGORY] 

Laid-open Kokai Patent (A) 



(11)[KOKAI NUMBER] 

3# Hfl Unexamined Japanese 

2000-1 41 078(P2000-1 41 078A) 2000-141 078(P2000-141078A) 



Patent 



(43) 0 ] (43)[DATE OF FIRST PUBLICATION] 

¥$12¥5£ 23 0 (2000. 5. 2 May 23, Heisei 12 (2000. 5.23) 

3) 



(54)[TITLE OF THE INVENTION] 

Lead-free solder 



(51)[®6S#iT-#SS&7JK] 
B23K 35/26 310 

1/19 
C03C 27/10 



(51)[IPCINT. CL. 7] 

B23K 35/26 310 
1/19 

C03C 27/10 



C04B 37/00 
C22C 13/00 



C04B 37/00 
C22C 13/00 



[FI] 

B23K 35/26 31 OA 

1/19 B 

C03C 27/10 B 



[FI] 

B23K 35/26 31 OA 
1/19 B 
C03C 27/10 B 



C04B 37/00 
C22C 13/00 



B C04B 37/00 B 

C22C 13/00 



11/22/2005 



1/20 Copyright (C) 2005 The Thomson Corporation. 



*!t* [REQUEST FOR EXAMINATION] No 

[im^m 7 [NUMBER OF CLAIMS] 7 

[ttiMBM] OL [FORM OF APPLICATION] Electronic 

[£H$c] 5 [NUMBER OF PAGES] 5 

(21) [ttifl#-^] (21)[APPLICATION NUMBER] 

^^W- 11-54716 Japanese Patent Application Heisei 11-54716 

(22) [ffifl 0 ] (22)[DATE OF FILING] 

«11^3£ 20 (1999. 3. 2) March 2, Heisei 11 (1999. 3.2) 

0 

(31) [ffi5teH£3S#^] (31)[FOREIGN PRIORITY APPLICATION 

10-253852 NUMBER] 

Japanese Patent Application Heisei 10-253852 

(32) [M9c 0 ] (32)[FOREIGN PRIORITY DATE] 

*pj&10¥9^8B (1998. 9. 8) September 8, Heisei 10 (1998. 9.8) 

(33) [Mft1#3E3g[l] (33)[COUNTRY OF FOREIGN PRIORITY] 

0*(JP) (JP) 

(71 )[ ttiJH A] (71 )[PATENTEE/ASSIGNEE] 

[!$SU#-^] [ID CODE] 

000004008 000004008 

[R%X&%W] [NAME OR APPELLATION] 

0 &W.ffi7-W$:£&. Nippon Sheet Glass Co., Ltd. 

umxitmm [address or domicile] 

S5#ll-5§- 



11/22/2005 



2/20 Copyright (C) 2005 The Thomson Corporation. 



JP2000-141078-A 



THOMSON 

* 



(72) [HW] (72)[INVENTOR] 

[ ft £ ] [NAME OR APPELLATION] 

^HL #r— Dohmi, Shinjiro 

[fifJfXfi^] [ADDRESS OR DOMICILE] 

(72)[fPJ1#] (72)[INVENTOR] 

[ft£] [NAME OR APPELLATION] 

Sakaguchi, Koichi 

[imXlt^m] [ADDRESS OR DOMICILE] 

(72)[3P^#] (72)[INVENTOR] 

[ ft£ ] [NAME OR APPELLATION] 

"I 3 *! /^W Nakagaki, Shigeki 

Umxnmm ] [ADDRESS OR DOMICILE] 

(72)[3§BI|#] (72)[INVENTOR] 

[ft*] tffi £0§ [NAME OR APPELLATION] Suganuma, 

Katsuaki 



11/22/2005 



3/20 Copyright (C) 2005 The Thomson Corporation. 



JP2000-141078-A 



THOMSON 

* 



l&ffiXltBffi] [ADDRESS OR DOMICILE] 



(74)[iXMA] 



(74)[AGENT] 



100069084 



[ID CODE] 

100069084 



[PATENT ATTORNEY] 



[NAME OR APPELLATION] 

Ono, Seiichi 



[7 1 — r=«-K(##)] 

4G026 

4G061 



[THEME CODE (REFERENCE)] 

4G026 
4G061 



[F*-A (##) ] [F TERM (REFERENCE)] 

4G026 BA02 BB33 BF11 BF13 4G026 BA02 BB33 BF11 BF13 BF24 BG02 

BF24 BG02 4G061 CA02 CB12 CD12 DA24 DA42 

4G061 CA02 CB12 CD12 

DA24 DA42 



(57) 



(57)[ABSTRACT OF THE DISCLOSURE] 



!] [SUBJECT OF THE INVENTION] 

Wlf ^ ft liT^T ^ #7 It provides the lead-free solder which has 

±7^y?x%g<Df&ik!$)tt'$[\iZ sufficient joint strength to oxide materials, such 

#tLTH-#ft®:'a ^rW't'S as glass and ceramics, excluding lead which is 

SSi&'^y&ffiift-fSo a toxic substance. 



fi*%T&^L-£\ 0. 01~ 
3. 0%OA1, 0. l~50%tf>In, 



[PROBLEM TO BE SOLVED] 

It displays with weight.%, 0.01 to 3.0% of Al, 0.1 
to 50% of In, 0.1 to 6.0% of Ag, 0 to 6.0% of Cu, 
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0. 1 — 6. 0%<7>Ag, 0~6. 0% 0 to 10.0% of Zn, and a remainder is comprised 

©Cu> 0~10. 0%<DZn s &£Xf of Sn. 

ffiUtfSnfrbt£Z>Z.bt:¥fWt.k-$' It is the lead-free solder characterized by the 

£>M$a'' s 'yy'X*& : 5o above-mentioned. 

mmm(omm\ [claims] 

[fflfjfcJSl] [CLAIM 1] 

fi i% T'i^LT^ 0 . 0 1 ~ It displays with weight%, 0.01 to 3.0% of Al, 0.1 

3. 0%C0AU 0. l~50%C0In, to 50% of In, 0.1 to 6.0% of Ag, 0 to 6.0% of Cu, 

0. 1~6. 0%C0Ag, 0~6. 0% 0 to 10.0% of Zn, and the remainder is Sn. 
©Cu, 0~10. 0%coZn N jocfcl/ The lead-free solder characterized by 
B.UfcSnfrib?£Z)^-b$:¥ffflt.t1~ comprising of the above-mentioned. 

[ m 5&JI2] [CLAIM 2] 

ItyoT'i^LT, 0. 0 1 ~ It displays with weight%, the lead-free solder of 

1. 0%WAl£"a W-f^ft^iMl Claim 1 containing 0.01 to 1.0% of Al. 

umm] [claim 3] 

lUk%-e^7r:L"C\ 0. 1~3 It displays with weight%, the lead-free solder of 

0%<75InSr-aW-f 5!S^iIl^/c Claim 1 or 2 containing 0.1 to 30% of In. 

[f«*rl4] [CLAIM 4] 

S4%"CStfLT, 0. 1~3. It displays with weight%, the lead-free solder in 

5%<7)Ag£r-a^-t"5tt>}<:ill& either Claim 1 or 3 containing 0.1 to 3.5% of Ag. 

v^3^r^K:fei!cWte§a 

[ft*^5] [CLAIM 5] 

Ii%ti/TLT. fii/-?— It displays with weight%, the lead-free solder in 

ir^h-CO. 1~1. 0%WCulrt either Claims 1 or 4 which contains 0.1 to 1.0% 

W'f&WJfc 1 ! lfrV>U4<7)^-f ti of Cu by weight %. 
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fi*%T'*^LT, 0. 01- 
7. 0%(DZn^^ir^m^mi 



[CLAIM 6] 

It displays with weight%, the lead-free solder in 
either Claim 1 or 5 containing 0.01 to 7.0% of 
Zn. 



Itmm) [CLAIM 7] 

Sft%"C^^LT, Sb, Tu Si It displays with weight%, the lead-free solder in 

IZtdtBifDolbfribMtR.&fri&lfit either Claim 1 or 6 which contains the elements 

SW±W7c3ft3:<n , ti-10%WTff> of 1 or more kinds chosen from Sb, Ti, Si or Bi 

tEHT'^-f 5fS>J<:Jilft^L6 by a total range of 10 % or less. 



[DETAILED DESCRIPTION OF THE 
INVENTION] 



[0001] [0001] 

[%W<nmi~Z>&WftW ] [TECHNICAL FIELD OF THE INVENTION] 

#f§^{i> ffiSTitH "Tftfti? This invention relates to the lead-free solder to 

y^y??*^ tfyx^p<Dffl£ik$lffi%[ join oxide materials, such as ceramics, glass, 

Wt-a ffl<DMi&'^¥\zM'tZ> 0 etc., which can be operated at low temperature. 

[0002] [0002] 

mm<D&m] [prior art] 

±y$.y?7> s tfyX^ptDOfc Formerly, the method of performing 

ik%W1&<D^y¥tttf(DtL#)\Z, electroplating, such as gold plating, copper 

^fe^^y^, ^/-y^s =-y>Tiv coating and nickel plating, and non-electrolytic 
/y^^(D%%^y^r £> plating beforehand, for soldering of oxide 

M/y^&lioJjfeltfflfti'VfoZ) materials, such as ceramics and glass, is 

>5 S s ^5 /=J r®(^>Pj'i"-5^ N >'^'#{t common knowledge. 

(ififffis 1S$t"Cfo l 9 N J^Hi^^J However, soldering to a plating surface is 
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expensive and complicated. 

It is requested that it performs soldering more 

economically. 



[0003] [0003] 

rcoMM^)^x.5 y< <> 0iJx.rt:# It is disclosed in Japanese Patent Publication 
&B849-22299-^&« J H#& No. 49-22299 and No. 52-21980 about the 
Bg52-21980-^-&$&lcte x #7 Pb-Sn type solder which can carry out direct 

soldering to glass and ceramics in order to meet 

-Ct£Pb-Sn^:^K:oV^-C this request. 



[0004] 



[0004] 

However, lead is a strong toxic metal. 
In recent years, we are concerned about the 
influence of the health and the environment on 
lead, the bad influence to an ecosystem and a 
contamination are being seen as problem. 
The movement which makes solder lead-free is 
spreading quickly. 



[0005] 



[0005] 



±!SU k c4#&Bg49 - 22299^ 

<5 0 



[PROBLEM TO BE SOLVED BY THE 
INVENTION] 

The solder currently disclosed in said Japanese 
Patent Publication No. 49-22299 is 
Pb-Sn-Cd-Sb solder which can carry out direct 
soldering to oxide film materials, such as glass 
and ceramics. 

However, since this solder contains lead which 
is a toxic substance, when the waste of the 
product using these solder are exposed to acid 
rain, lead elutes off in large quantities, the 
toxicity poses a very serious problem. 
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[0006] 

±IELfc^BB52-2198 

Hy*s -t7^y?x^(Dmky>)tt 



[0006] 

Moreover, the solder disclosed in said 
Japanese Patent Publication No. 52-21980 is 
rare-earths metal-containing solder which can 
be used for joining to oxide materials, such as 
glass and ceramics. 

However, the principal component of this solder 
is also lead. 

It has the similar problem. 



[0007] 

¥9- 326554 fiSn- 
XteV, £fc#Hf?¥8- 164495 

\z^\,^xm^&tix^z>&, ^-r 



[0007] 

On the other hand, as lead-free solder, research 
is briskly made as an object for 
electronic-component mounting mainly. 
For example, it is disclosed in 
Unexamined-Japanese-Patent No. 9-326554 
about Sn-Ag-ln solder, moreover, it is disclosed 
by Unexamined-Japanese-Patent No. 8-164495 
about Sn-Zn-Bi solder. 

However, both have the problem that the joint 
strength of solder is not enough, in soldering to 
oxide materials, such as glass and ceramics. 



[0008] 

yn v^mtem^y? t lx , 

0!l;tf#l#&B855- 36032^ 

&fckLx&mzm$iLx^z>tz 



7*s ±y^y^^m<Dmtmm 
\zMLxmmuzm^s mmL 



[0008] 

Furthermore, it is disclosed by Japanese Patent 
Publication No. 55-36032 about Sn-Ag-AI-Zn 
solder as lead-free solder which can be 
soldered to a metallic oxide, for example. 
However, since the metal is chosen as a 
conjugant, when it is used to oxide materials 
which a thermal expansion coefficient differs 
greatly, such as glass and ceramics, it has the 
problem of being easy to exfoliate. 
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[0009] 



[0009] 

This invention is made in view of the 
above-mentioned actual condition of the past, it 
aims at providing the lead-free solder which 
does not contain lead which is toxic substance 
and has sufficient joint strength to oxide 
materials, such as glass and ceramics,. 



[0010] 



[0010] 



mMZMfc-fZtcZXD^m] [MEANS TO SOLVE THE PROBLEM] 

^^^fi, #7*, 'tey^y?*^ This invention is made in order to join oxides, 

C0^ / fb#J^r^-ni~5/ci6{^7^$ti/ such as glass and ceramics, and the solder 

fctcoT'fooT, Sn^rij^^^i - comprised of Sn as a main component, 

SAy^'tAK In, Ag, Cu % Zn containing Al, In, Ag, Cu and Zn as the 

Sr&Wi'SifajsdttLfc'bWCfeS. composition. 

[0011] [0011] 

irt£t>ib, *38iOift/^^ That is, displaying with weight%, 0.01 to 3.0% 

(ift-*%-e^L-C, 0. 01 ~ of Al, 0.1 to 50% of In, 0.1 to 6.0% of Ag, 0 to 

3. 0%<DAU 0. l~50%WIn N 6.0% of Cu, 0 to 10.0% of Zn and the remainder 

0. 1~6. 0%<75Ag, 0~6. 0% is Sn. 

<DCu, 0~10. 0%(DZn$5£Tf The lead-free solder of this invention is 

ffi^tfSnfrbfe&ZLk&Wfikbir characterized by comprising of above 

-So mentioned. 

[0012] [0012] 

irX'^II^ii&A^ii, Here, as for the lead-free solder of this 

^(Df&ftbLX, 0. 01~1. 0% invention, it is desirable as the component to 

(DA\^^^ttHl-^\ contain 0.01 to 1.0% of Al. 



[0013] [0013] 

^fc> ^^MoM^^yyiit, % Moreover, as for the lead-free solder of this 

(Df&ftbL-X. 0. l~30%©In£r invention, it is desirable as the component to 

$ ^-fZZbMl *U\, contain 0.1 to 30% of In. 
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[0014] [0014] 

££>f-s ^$&$M<DM$n' s y?lt* Furthermore, as for the lead-free solder of this 

^(DffcftbLX, 0. 1~3. 5%<D invention, it is desirable as the component to 

AgSr^^f -f 5r£# flf^u '° contain 0.1 to 3.5% of Ag. 

[0015] [0015] 

£f>tc, &&f!R<DMf&s^yjf\$ y Furthermore, as for the lead-free solder of this 

^(Df&'fttl'X^ 0. 1~1. 0%(D invention, it is desirable as the component to 

Cu&^W-f 5rt##f £U \ contain 0.1 to 1 .0% of Cu. 

[0016] [0016] 

#%VM<DM§&'^'yyit, Furthermore, as for the lead-free solder of this 

: £<D$,'fttl'X , 0. 01~7. 0% invention, it is desirable as the component to 

<DZn£-a £U \ contain 0.01 to 7.0% of Zn. 

[0017] [0017] 

S Moreover, as for the lead-free solder of this 

b, Ti N S&t^tBxtDohfrhWR invention, it is desirable to contain the element 

£ft-5lSllJ^±tf>5i:^3r'n , !H-l of 1 or more kinds chosen from Sb, Ti, Si, or Bi 

0%^f(Dm^X^-t^b^ by a total range of 10 % or less. 



[0018] [0018] 

^T^,^^fi<DM$Q^>y<D Below, it demonstrates the reasons for 

II fi£ PS £ 3 S o i/ ^ T fft 1" composition limitation of the lead-free solder of 

5 0 fa U J^T^ffl^cttSfi%"C this invention. 

^7jklstchP>X*fo& 0 However, the following compositions are 

displayed with weight%. 

[0019] [0019] 

Snfi#t£# s &<* SSS^f^^St Since Sn has no toxicity and has an effect of 

I'Sffift&ffStv^fEfflSrWi" obtaining the wetting to a conjugant, it is the 

S/ctf), ^>^\zi$i&4M<Dj$ftX* component indispensable to a solder. 

fc<5o 



11/22/2005 



1 0/20 Copyright (C) 2005 The Thomson Corporation. 



JP2000-141078-A THOMSON 



[0020] [0020] 

AKi, W^^^kit^ti^j^^TZ^ Al is an element which is very easy to oxidize. 

~Cfc<5ri\ $&{k$)t(D%K ^(djoV^ However, there is an advantage of being easy 

T(i^^£o<9J!rV^^9^iL& to build a connection in joint to an oxide. 

ififolbo Al$sAnlk/^0. 01%^H The effect is low when Al additional amount is 

-Cfct(D®)%zl)m<, 3. 0%%m less than 0.01 %. When it exceeds 3.0%, 

x.Si:^^> / ^g#(7)^$^±tL N solder's own hardness increases, while it is 

ifett: — MM ^^tt£ftf£"f~<5tf) difficult to secure thermo-cycle-proof property, 

&M^^tth^M&fcM<s melting point is high, and operability 

®LfcBit1-Z>o cfc<9£?£LV^n aggravates. 

Jfcte, 0. 01^1. 0%(D$iM7:fo A more preferable additional amount is 0.01 to 

h 0 1 .0% of range. 

[0021] [0021] 

Inltts^yVoM&s&i&T In not only lowers melting point of a solder, but it 

TWJ-CftC iftitt$rf6)±$*, ^ has as follows. 

y?&%&^bfi<ir 5tV^f£ffl It improves wettability. 

£W1~5o In^Pik^O. i%^ It has an effect of making solder itself soft. 

Yl^fi^tT^^/iM&C 50%£ The effect is low when In additional amount is 

M?LZ>t&^y?&%(Dffi&m leass than 0.1 %. When it exceeds 50%, 

f^^fflHir^5/c(tT^<> securing solder's own strength not only 

^ict./i^^^i^fffiir^So i^f^ becomes difficult conversely but it becomes 

Li/ v ^2fni<7)$G[gt±, 0. 1 — 3 expensive considerably in terms of cost. 

0%"Cfc<5 o The range of a more preferable additional 

amount is 0.1 to 30%. 

[0022] [0022] 

Ag&W<Mi~&^kfc£V)/^>y(D Ag demonstrates the effect excellent in the 

^^6tl^S^|p]±(ciltifc^^: improvement of the mechanical strength of 

£3§J¥ 1"5o Ag^Pfi^O. 1% solder by adding. 

*St"Cfi-tOSl!l** s iS<, $lt£fft When Ag additional amount is less than 0.1 %, 

3&KroiRj±##b*li* > 6. 0% the effect is low, and an improvement of a 

&&K£kM&&M<t£Z>kkhiz. mechanical strength is not obtained. When it 

Snb<D&MF$iki3 i $Jffi&AlZ-$& exceeds 6.0%, while melting point becomes 

£L^fflLffiffiffiI&ffiM\z.j&T~f higher, an intermetallic compound with Sn 

Z>Zkti*f£lMkt£Z>o £9$? ^bv^ generates so much, and that a mechanical 



11/22/2005 



1 1 /20 Copyright (C) 2005 The Thomson Corporation. 



JP2000-141078-A 



XHOIVISOIM 
* 



SsAnfi<D^ffif3\ 0. 1-^3. 5% strength falls conversely, which poses a 

X*foZ>o problem. 

The range of a more preferable additional 

amount is 0.1 to 3.5%. 

[0023] [0023] 

Cuf4±|SL/cAgi:fp]^(c, ?fe/jp Cu demonstrates the effect excellent in the 

1rZZkiz&ty'^y?<Dfflt$i l ify%fi improvement of the mechanical strength of 

St<Dipl±\zteti1t$bMk&&&'t solder by adding, like said Ag. 

5o Cu^Pft^6. 0%£®x.5t If Cu additional amount exceeds 6.0%, while 

Agk\*lffi\z.H&j&ffi$i<tj:Z>kkh melting point becomes higher like Ag, an 

{zSnk<D&MTa\ik J u$}&&ik\z intermetallic compound with Sn generates so 

5S^U««W3ftfl[36SiS?^ig;T much, that a mechanical strength falls 

-fZZkfcFfiMkfc&o cfcWfSL conversely, which poses a problem. 

l/^An AOf&Hlte, 0. 1 — 1. The range of a more preferable additional 

0%X*foZ> o amount is 0.1 to 1 .0%. 

[0024] [0024] 

Znfejfyx, ±7^y?x%F<D$fc{k Zn is added to a solder in order to provide the 

joint strength with respect to oxide materials, 

&tzfc\c^yy\zffiM£HZ)o Zn such as glass and ceramics. 

^Oi^lO. 0%&%i7LZ)k^y If Zn additional amount exceeds 10.0%, the 

y&1lfc<fe&i$fa1!) i $kMkte v )s trend for solder to become weak becomes 

llffl±#P£L<ftv\ ) cfc^f^Ll^ remarkable, it is not desirable practically. 

8^n4tf)$EH3f±, 0. 01~7. 0% The range of a more preferable additional 

VfoV, £k^M"£LV>$BBte0. 5 amount is 0.01 to 7.0%, furthermore, the 

—5. 0%-efc5o desirable range is 0.5 to 5.0%. 

[0025] [0025] 

^^^co^fpVN^^tcfcV^X In the lead-free solder of this invention, it can 

fi, Sb, Tu Si£fcliBi<D5*>lfit add the element of 1 or more kinds from Sb, Ti, 

^^±^^^^io%WT^I5ia Si or Bi suitably in the range of 10 % or less. 

XiS^^0l"5^i:^'C#5c Sb Sb makes a soldering appearance good, it 

fi'^>^fatt^&&J^$fKil^ $ increases creep resistance. 

y^Wfok^lK^^* Ti, Si N Ti, Si and Bi can improve the wettability of 

Bifi'^^©ffiftt*&3fc#£tf solder. 
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Z>Z.kfcX*£Z> 0 $.tis ^(Di&Fe, Moreover, when it adds trace amount of Fe, Ni, 

Ni, Co % Ga, Ge, Pt£b* (DfcMS: Co, Ga, Ge, P, etc. elements, it increases the 

'{nk-fkWtMLXh^yy bL>X<D%f properties as solder, that is, unleaded and also 

t£, i~f£frhM$n<Di&, '^VH soldering property and mechanical strength. 



[0026] 

^ f + n & m \z. m ^ >m 



[0026] 

In addition, lead-free solder of this invention can 
carry out direct soldering at the difficulty 
soldering metals which has oxide layers, such 
as aluminum, titanium and zirconium, besides 
oxide materials, such as glass and ceramics. 
Moreover, when soldering to difficulty soldering 
materials, it is desirable to use the apparatus 
which can add ultrasonic oscillation to a solder 
in the case of soldering. 



[0027] 



[0027] 



[^IdWi] [EMBODIMENT OF THE INVENTION] 

Wf, ^^^(DMM^BM^Mi^ Hereafter, it demonstrates embodiment of this 
#}&Hifi$J&#tf "Cift9!"f5o invention giving the detailed Examples. 



[0028] 

— PftRtf?* (50 X 50 X 3m 

yy%, 60kHz<£>js$$rer-cft 

<5o 



[0028] 

(Example 1-14) 

Using a soda lime glass (50x50x3 mm) as a 
jointed material, it carries out the melting joint of 
the lead-free solder which is comprised of the 
compositions shown in Table 1 and 2 on the 
plate glass using the ultrasonic soldering iron 
with which an iron point oscillating at the 
frequency of 60kHz, it made the samples of this 
Examples. 

Each composition in a table is weight% 
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[0029] 



[0029] 

Adhesion evaluations of the plate glass and 
lead-free solder were performed by the 
exfoliation degree of lead-free solder at the time 
of whittling the lead-free solder layer jointed on 
the plate-glass surface with a knife. 
In the adhesion columns in Table 1 and 2, O 
mark shows that more than half of solder layers 
remained on the plate glass, X mark shows all 
solder layers exfoliated. 



[0030] 

[mi] 



[0030] 
[TABLE 1] 





ftttffll 






£ttfl4 


mms 


*ftA6 










S n 
A I 
I n 
Ag 
Cu 
Z n 


C62.2 
0.5 

30 
2.3 

0 

5 


<f63795" 
"0.05 
28 
2.5 
0 

5.5 


45.5 
2.5 

40 
2.5 

0 

9.5 


i 

1.5 
0 
7 


<ras?; 
oTs s 

10 

3 

0 

1.5 


70.5 
1 

26 

2 

0 

0.5 


Cm* 

2.5 

45 
1.5 

0 

1 


CiT; 

0.5 

30 
0.5 

0 

2 


76 
0.5 
15 
6 

0.5 
2 


1 

28 

2.3 
0.7 
3 




100 


100 


100 


100 


100 


100 


100 


100 


100 


100 




O 


O 


O 


o 


O 


0 


O 


O 


O 


0 



(Top horizontal row from left to right) 

Example 1, Example 2, Example3, Example 4, Example 5, Example 6, Example 
7, Example 8, Example 9, Example 10 
(Second last column of the left vertical row) 
Total 

(The last column of the left vertical row) 
Adhesion 
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[0031] 
[*2] 



[0031] 
[TABLE 2] 









£80113 




ttmu 


ttm*2 


ttlMS 


Sn 


65 


69 


64 


68 


77.2 


70 


96.5 


A I 


0.5 


0.5 


1 


0.95 


0 


0 


0 


I n 


26 


26 


26 


28.4 


20 


0 


0 


A B 


2.5 


0.5 


2 


2.5 


2.8 


0 


3.5 


• Cu 


5 


3 


2 


0.05 


0 


1 


0 


Z n 


1 


1 


3 


0.1 


0 


29 


0 




100 


too 


100 


100 


100 


100 


100 




0 


o 


O 


O 


X 


X 


X 



(Top horizontal row from left to right) 

Example 1, Example 2, Example 3, Example 4, Comparative Example 1, 
Comparative Example 2, Comparative Example 3 
(Second last column of the left vertical line) 
Total 

(The last column of the left vertical line) 
Adhesion 



[0032] [0032] 

^1, 2frb*flbfrti:l:olz. s As is evident from Tables 1 and 2, the samples 

M$l<D-9-l/yMt, fi^JSlM^ of these Examples, as shown in Claim 1, by 

&tl&£o\z.AU In, Zru Ag, Cu containing components, such as Al, In, Zn, Ag 

^(Dj&ft&Mty^ih^^^Z^t and Cu appropriately, since it not only increases 

M«fc?K ^/^^irWSc^SSSSrti adhesive strength with glass, but has various 
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properties required in order to adhere firmly 
solder to glass, such as the solder's own 
mechanical strength and distortion relief of the 
glass-solder interface at the time of cooling, 
can join glass to glass firmly with the solder and 
does not produce the problem of exfoliation by 
the shock after soldering etc. at all. 



[0033] [0033] 
(ltWJl&>/ N L3)^2(>i, (Comparative Example 1 or 3) 
VfifcM1~%it%lffl<D%gLf&t&% The composition and adhesion of Comparative 
fk&jF-fo ll/&tellJl%^^"e Examples with respect to this invention are 
fc<5 0 shown in Table 2. 

The compositions are weight% presentation. 



[0034] 

i&<, ^yym^-r^xmmLx 



[0034] 

The additional amount of Al of each 
Comparative Example 1 or 3 is outside the 
range of this invention, furthermore, the 
additional amounts of In of Comparative 
Example 2 and 3 are outside the range of this 
invention. 

For this reason, in the lead-free solders of 
Comparative Examples, adhesive strength with 
the plate glass is low, and all solder layers have 
exfoliated. 



[0035] 

mmm 1 5~ 24) mm&wtLx 

y-y'^E!K^fy^(50 X 50 X 3m 
m)£fflV\ %<D&tf7X±\^ m 

60kHz<Dmfc%iXZX%; 

fimwi-rzm^tiL^yyzxz 



[0035] 

(Example 15-24) 

Using a soda lime glass (50X50X3 mm) as a 
jointed material, it carries out the melting bond 
of the lead-free solder which is comprised of the 
composition shown in Table 3 on the plate glass 
using the ultrasonic soldering iron with which an 
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ffifflLTi§fi¥8^U #HJfe0O iron point oscillating at the frequency of 60kHz, 

tD-y-y^/u^rf^^cL/Co ^^^II it made the samples of these Examples, 

fifcfi, l >k Ttit>Sfi%^^T*fe Each composition in a table is weight% 

<5 C presentation. 

[0036] [0036] 

fatf7Xk'^>&<D&%fe<DWffii Adhesion evaluations of the plate glass and the 

fi, Sul2Hj6S^ l Jl^l4<7)#^<!r lead-free solders were performed by the 

IrUH^ tK#7*3£ffi{£$c<ffc*ti exfoliation degree of the lead-free solders at the 

tz^y^M^^y^Wi^tiU^ time of whittling the lead-free solder layer 

B^n^^^lM&^^X^i jointed on the plate-glass surface with a knife, 

ofco %L3*P<D&%&<DWzio\/^ like the case of said Example 1-14. 

XO^i$/^& f M<D¥ L ft&-k& In the adhesion columns in Table 3, O mark 

fSlBS-SrT^^^^^Ji^^Sb shows that more than half of solder layers 

fzhP>, ><Pfll(ts^yyj§fc~t y< X remained on the plate glass, X mark shows all 

tiJ$£LTU£ofct><DT*fc5 0 solder layers exfoliated. 

[0037] [0037] 

[^3] [TABLE 3] 
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£ftftl18 










Sift ftl 23 




S n 


56 


72 


66 


<s> 


55 


64 


68 


57 


64 


67.5 


A I 


1 


1 


0.5 


0.5 


0.5 


0.5 


0.5 


0.6 


0.5 


0.5 


I n 


28 


18 


28 




do 


CO 


CO 


00 


9R 
CO 


28 


A a 


I 


2 


2. 5 


9 5 


L. HQ 


7 if* 


9 it 


*. 4P 


t 


9 

C 


C u 




o 


o 


n 


n 
u 


n 
v 


n 


n 


n 
U 


n 
u 


Z n 


5 


2 


] 


l 


i 


c 
a 


i 


t. 99 


c 

a 


z 


S b 


5 


0 


I 


0 


0 


0 


0 


0 


0 


0 


T i 


3 


0 


0 


0 


0 


0 


0 


0 


0 


0 


S I 


Q 


2 


0 


0 


0 


0 


0 


0 


0 


0 


B 1 


0 


3 


0 


@- 


0 


0 


0 


0 


0 


0 


F e 


0 


0 


0 


0 


0.05 


0 


0 


0 


0 


0 


N i 


0 


0 


0 


0 


0 


0.05 


0 


0 


0 


0 


Co 


0 


0 


0 


0 


0 


0 


0.05 


0 


0 


0 


Ga 


0 


0 


0 


0 


0 


0 


0 


0.5 


0 


0 


Ge 


0 


0 


0 


0 


0 


0 


0 


0 


0.05 


0 


P 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0.001 




TOO 


100 


100 


100 


100 


100 


100 


100 


100. 


100.001 




0 


. 0 


o 


o 


o 


o 


o 


0 


o 


o 



(Top horizontal row from left to right) 

Example 15, Example 16, Example 17, Example 18, Example 19, Example 20, 
Example 21 , Example 22, Example 23, Example 24 
(Second last column of the left vertical line) 
Total 

(The last column of the left vertical line) 
Adhesion 



[0038] [0038] 

^3frhty\bfrf££o\z., ^HJfe^'J As evident from Table 3, the samples of these 

(D^-y^Mt, W3ftJglfc:^£ix Examples, by adding appropriately the 

Z>J&ft?>itfLs tn^ x M7{z.7F£fri%> component as shown in Claim 7 and the trace 

kotef&ftto&lfFe^ Nu Co, G amount adding components of Fe, Ni, Co, Ga, 

a N Ge, PtD'ffiMWMffcft&iMtf} Ge and P, besides the component shown in 

iz.^feM't&Z.blz.XV)* JfyTshtD Claim 1, since it not only increases adhesive 

&%5&f£&^j^& J &Z)tzrtX*t£ strength with glass, but has various properties 
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&%(DW$L#)'&&, ^ required in order to adhere firmly solder to 

i#%§(Djj77» — s^yy^WifD^ glass, such as solder's own mechanical 

frf&ftifcif'^'yff htfyx&ffiWl strength and distortion relief of the glass-solder 

k:^lr£it57tfelvi&il&3i* interface at the time of cooling, can join glass to 

ro$#t££W1~6fc#\ #y*|W]± glass firmly with the solder and does not 

Ir^y^T^BI^^tSwi^ produce the problem of exfoliation by the shock 

T*£\ ^yyttir&<Dffim^fc£ after soldering etc. at all. 

[0039] [0039] 

[3§W<©#*] [ADVANTAGE OF THE INVENTION] 

£k±t&VRLtz£?\z s As explained above, the lead-free solder of this 

fp^^V^fi^S^S^fp^^^ invention contains the component shown in 

f , tn^Ml^^&ti&J&ft&iS Claim 1 excluding lead which is toxic 

WL, £fcfft ^^.7^^^ti^>^o substance, moreover, by adding appropriately 

^fiSc^ioiOTe, Ni, Co, Ga, the component as shown in Claim 7 and the 

Ge, P(D'ffiMffcMf&ft^M$J^ trace amount adding component of Fe, Ni, Co, 

^U-t^t^M, 1iy^t(D^ Ga, Ge and P, since it not only increases 

^^S^-i|^:$'fr5/cttT^<s adhesive strength with glass, but has various 

^yy&£f<DW,U#)ffi&, ?££P property required in order to adhere firmly 

$%<Dtf7X-s^>y^\§i(D&Zh solder to glass, such as solder's own 

W.^t£¥ / ^s j !?*tj3 7 7s t£}£<fr$k mechanical strength and distortion relief of the 

te#J$t^£i&IIH^#£i±6fc glass-solder interface at the time of cooling, it 

tot<ii&ilftfji* W#tt^r#"f 5 can join oxide materials, such as glass and 

/"cfe, #7** ^y^y^^^(DWt ceramics, firmly with solder, and moreover, it 

{t^M^I^±£ /N ^^^£[IH- has the outstanding effect of not producing 

&&irZ)ZkfcX*%^ Lfrh^y? exfoliation after soldering. 
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